A novel actinomycete, strain KC-112 T , was isolated from soil collected from Similan Islands, Phang-Nga Province, Thailand. The strain exhibited morphological and chemotaxonomic characteristics consistent with those of members of the genus Streptomyces. The formation of smooth spiral spore chains was observed on aerial mycelia. LL-Diaminopimelic acid was detected in whole-cell hydrolysates, but no diagnostic sugars were detected and the strain lacked mycolic acids. The N-acyl type of muramic acid was acetyl. The major menaquinones were MK-9(H 8 ), MK-9(H 6 ) and MK-9(H 2 ). The predominant cellular fatty acids were anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 16 : 0 and C 16 : 0 . The polar lipids were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside, an unknown phospholipid, an unknown aminolipid, unknown lipids and an unknown glycolipid. The DNA G+C content was 73 mol%. 
T and type strains of closely related species were lower than 70 %. On the basis of evidence from this taxonomic study using a polyphasic approach, strain T represents a novel species of the genus Streptomyces, namely Streptomyces andamanensis sp. nov. The genus Streptomyces, Gram-strain-positive, non-acidfast bacteria that form extensively branched substrate and aerial mycelia, was first proposed by Waksman & Henrici (1943) . The genus belongs to the family Streptomycetaceae, which also includes the genera Kitasatospora and Streptacidiphilus. Species of the genus Streptomyces are classified on the basis of morphology, 16S rRNA gene sequence and chemotaxonomic characteristics, especially the presence of LL-diaminopimelic acid and lack of diagnostic sugar. Strains of members of the genus Streptomyces are widely distributed in various environments, such as soil (primary natural habitat), fresh water (lakes and rivers) and marine environments. Members of this genus have been well known for the most important source of commercial antibiotics since the discovery of actinomycin D and streptomycin (Kämpfer, 2012) . At the time of writing, more than 778 species of the genus Streptomyces (Parte, 2015) and 7630 Streptomyces bioactive secondary metabolites have been described (Bérdy, 2005) . During our investigation in the screening and diversity of Streptomyces strains in Thailand, strain KC-112 T was isolated. The aim of this study was to establish the taxonomic position of strain T using a polyphasic approach.
A soil sample was collected from Similan Islands (National park), Phang-Nga Province, Thailand. The sample was dried at room temperature until constant weight and then ground and preserved at 4 8C until the process of actinobacterial isolation. One gram of dried soil sample was suspended in 9 ml sterile distilled water, mixed well and heated at 55 8C in a water bath for 5 min. A 1 ml aliquot of the suspension was subsequently transferred to 9 ml (Shirling & Gottlieb, 1966) and incubated at 28 8C for 14 days. The pure culture was transferred to ISP 2 slants, incubated at 28 8C for 14 days and then kept in a cold room at 4 8C as stock cultures. The strain was also preserved by the freeze-drying technique. Antimicrobial activities of the strain were determined using the agar disc diffusion method (Acar & Goldstein, 1991) . Strain T was cultivated in production media no. 51 and no. 53 on a rotary shaker at 200 r.p.m., 28 8C for 6 days as described by Sripreechasak et al. (2014) . The culture broth was extracted with 10 ml ethanol by shaking (200 r.p.m.) for 30 min, mixed well and centrifuged (3000 r.p.m.) for 5 min. The supernatant (50 % ethanol extract) was examined in the antimicrobial assay against Bacillus subtilis ATCC 6633, Escherichia coli NIHJ KB213, Xanthomonas campestris pv. oryzae KB88, Candida albicans KF1 and Mucor racemosus IFO 4581.
The 16S rRNA gene of strain T was amplified using the primers described by Takahashi et al. (2002) . The PCR products were sequenced on a DNA sequencer (model 3130 Genetic Analyzer; Applied Biosystems) using a BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems) according to the manufacturer's instructions. The closest phylogenetic neighbours were identified by BLAST searches using the EzTaxon-e database (Kim et al., 2012) . The alignment was manually verified and adjusted (BioEdit software; Ibis Biosciences) prior to the reconstruction of a phylogenetic tree. The phylogenetic tree was reconstructed by using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Kluge & Farris, 1969) methods in the MEGA6 software (Tamura et al. 2013) . Gaps and ambiguous nucleotides were eliminated from the calculations. Evolutionary distances among the strains were evaluated based on Kimura's two-parameter method (Kimura, 1980) for neighbour-joining and maximum-likelihood trees, and on the subtree-pruning-regrafting method for the maximum-parsimony tree. Confidence values of branches of the phylogenetic trees were determined by using 1000 bootstrap replications (Felsenstein, 1985) .
Cultural characteristics of strain KC-112
T were determined by using 14-day cultures grown at 28 8C on various agar media (Shirling & Gottlieb, 1966) including yeast extract-malt extract (ISP 2), oatmeal (ISP 3), inorganic salts-starch (ISP 4), glycerol-asparagine (ISP 5), peptoneyeast extract iron (ISP 6), tyrosine (ISP 7) and yeast extract-soluble starch (YS) agars, and nutrient agar (NA). The colours of aerial and substrate mycelia and soluble pigments were determined using the NBS/ISCC colour system (Kelly, 1964) . Spore morphology was observed by light microscope and a scanning electron microscope (model JSM-5410LV; JEOL). Samples for scanning electron microscopy were prepared as follows: the culture agar media were cut and the specimens were fixed with 1 % osmium in 0.1 M phosphate buffer pH 7.2 for 1-2 h, washed three times with the same phosphate buffer, and were then dehydrated through a gradient ethanol series. The temperature, pH and NaCl tolerance for growth of strain T were observed on the culture grown on ISP 2 agar at 28 8C for 14 days. Carbon utilization and several biochemical tests including starch hydrolysis, gelatin liquefaction, peptonization of skimmed milk and nitrate reduction were determined using standard methods as described by Shirling & Gottlieb (1966) and Arai (1975) .
For determination of chemical characteristics, freeze-dried cells were obtained from the culture grown in yeast extract-glucose broth on a rotary shaker at 200 r.p.m., 28 8C for 3-7 days. The cells were collected by centrifugation at 10 000 r.p.m., 4 8C for 10 min and were then washed three times with sterile distilled water and dried by using a lyophilizer. Isomers of diaminopimelic acid and whole-cell sugars were determined using cell hydrolysates as described by Becker et al. (1965) . Isoprenoid quinones were extracted according to the method of Collins et al. (1977) and analysed using HPLC. The N-acyl types of muramic acid were determined using the method of Uchida & Aida (1984) . Phospholipids were extracted and identified by using the method of Minnikin et al. (1984) . The presence of mycolic acids was examined by TLC following the protocol of Tomiyasu (1982) . Cellular fatty acid methyl esters were prepared using the method described by Sasser (1990) and were analysed by gas chromatography using the Sherlock Microbial Identification System (MIDI). For DNA base composition analysis, chromosomal DNA was prepared following the procedure of Saito & Miura (1963) , and the DNA G+C content was determined by HPLC according to the method of Tamaoka & Komagata (1984) . DNA-DNA hybridization was performed using the photobiotin-labelling method as described by Ezaki et al. (1989) .
Strain KC-112
T grew well and formed extensively branched substrate and aerial mycelia on all agar media tested. Aerial mycelia of greenish-white to light olive grey or brownishgrey were produced. The aerial mycelia consisted of spiral spore chains with a smooth surface and oval shaped spores (Fig. 1) . The substrate mycelia were not fragmented. The cultural characteristics of strain T and closely related species, Streptomyces fumanus NBRC 13042 T , Streptomyces anandii NBRC 13438
T and Streptomyces capillispiralis NBRC 14222 T are shown in Table S1 (available in the online Supplementary Material). Details of physiological and biochemical properties are given in the species description and Table 1 . Strain T showed weak activity against B. subtilis ATCC 6633 when cultivated in medium no. 51 but no activity in medium no. 53, and no activities against E. coli NIHJ KB213, X. campestris pv. oryzae KB88, C. albicans KF1 and M. racemosus IFO 4581 when cultivated in both media.
In the chemotaxonomic analysis, strain T exhibited typical characteristics of the genus Streptomyces. LL-Diaminopimelic acid was detected in whole-cell hydrolysates. The menaquinones detected were MK-9(H 8 ) (70 %), MK-9(H 6 ) (15 %) and MK-9(H 2 ) (15 %). The N-acyl type of muramic acid was acetyl. Mycolic acids were absent. In the polar lipid profile, strain KC-112 T contained diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside, an unknown phospholipid, an unknown aminolipid, unknown lipids and an unknown glycolipid (Fig. S1 ). Major cellular fatty acids were anteiso-C 15 : 0 (29.5 %), anteiso-C 17 : 0 (29.1 %), iso-C 16 : 0 (14.7 %) and C 16 : 0 (8.7 %). Strain KC-112 T , S. fumanus NBRC 13042 T , S. anandii NBRC 13438 T and S. capillispiralis NBRC 14222 T showed similar cellular fatty acid profiles but the amounts of some components were different in particular C 18 : 0 and iso-C 16 : 1 H ( Table 2 ). The DNA G+C content of strain KC-112 T was 73 mol%. The presence of LL-diaminopimelic acid and absence of diagnostic sugars in whole-cell hydrolysates, as well as spiral spore chain on aerial mycelia, strongly supported that strain T is a member of the genus Streptomyces (Kämpfer, 2012). T on ISP3 medium after 7 days at 28 8C. Bar, 1 mm. *Summed features are groups of two or more fatty acids that could not be separated using the MIDI system. Summed feature 3 comprised C 16 : 1 v7c/iso-C 15 : 0 2-OH; summed feature 9 comprised C 16 : 0 10-methyl/iso-C 17 : 1 v9c.
sharing highest 16S rRNA gene sequence similarities with strain KC-112 T and closest from the phylogenetic analysis were selected for comparison with strain KC-112 T . DNA-DNA relatedness values between strain KC-112 T and the closest type strains, S. fumanus NBRC 13042 T , S. anandii NBRC 13438
T and S. capillispiralis NBRC 14222 T , were 15-21 %. These values are below the 70 % cut-off point recommended by Wayne et al. (1987) for assigning strains to the same species, and these results thus confirm that strain T is distinct from closely related phylogenetic neighbours.
Besides the genotypic characteristics mentioned above, strain T could be distinguished from S. fumanus NBRC 13042 T , S. anandii NBRC 13438 T and S. capillispiralis NBRC 14222
T by some phenotypic characteristics, in particular cultural characteristics (Table S1 ), growth in the presence of 9 % NaCl, nitrate reduction, starch hydrolysis, gelatin liquefaction, milk peptonization and carbon source utilization (Table 1) . Therefore, strain T represents a novel species of the genus Streptomyces for which the name Streptomyces andamanensis sp. nov. is proposed.
Description of Streptomyces andamanensis sp. nov.
Streptomyces andamanensis (an.da.man.en9sis. N.L. masc. adj. andamanensis pertaining to Andaman sea in the southern part of Thailand, where the type strain was isolated).
Aerobic, mesophilic, filamentous Gram-stain-positive actinomycete, which produces extensively branched aerial and non-fragmented substrate mycelia on agar media. Greenishwhite to light olive grey or brownish-grey aerial mycelia are formed on various agar media. Pale orange yellow and yellowish-grey pigments are observed on ISP 5 and ISP 7, respectively; no pigment is observed on ISP 2, ISP 3, ISP 4, ISP 6, yeast starch and nutrient media. The formation of smooth spiral spore chains is observed on aerial mycelia. Growth occurs at 15-40 uC, at pH 5-10 and in the presence of up to 9 % (w/v) NaCl. Milk peptonization is positive. Gelatin liquefaction is weakly positive. Starch hydrolysis and nitrate reduction are negative. Utilizes glucose, xylose and D-mannitol, and weakly utilizes raffinose, but does not utilize myo-inositol, melibiose or L-rhamnose. The cell-wall peptidoglycan contains LL-diaminopimelic acid. Whole-cell hydrolysates contain glucose and ribose. The N-acyl type of muramic acid is acetyl. Mycolic acids are absent. Major menaquinones are MK-9(H 8 ), MK-9(H 6 ) and MK-9(H 2 ). Major cellular fatty acids are anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 16 : 0 and C 16 : 0 . The polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside, an unknown phospholipid, an unknown aminolipid, unknown lipids and an unknown glycolipid.
The type strain, T (5KCTC 29502 T 5NBRC 110085 T 5PCU 347 T 5TISTR 2401 T ), was isolated from soil collected from Similan Islands. The DNA G+C content of the type strain is 73 mol%.
